Carbonic anhydrase (EC 4.2.1.1, CA) is a zinc metalloenzyme which reversibly catalyzes the hydration of carbon dioxide to bicarbonate and hydrogen ions; that is, CA plays an important role in gas transport and acid/base equilibrium1).
In erythrocytes, CA isoenzymes have been designated as B type (CA-B) and C type (CA-C) according to immunochemical2,3) and genetic criteria3,4). Our recent studies5-7) showed that although the levels of CA-B and CA-B-dependent activity in human erythrocytes are decreased immediately after acute physical exercise, no significant changes occur in the levels of CA-C or CA-C-dependent activity, and that the active CA-B enzymes are converted in part to inactive enzymes during heavy physical exercise of short duration, possibly by decreased zinc binding. It is well known that sustained physical training regimens induce a relatively mild, apparently functional anemia8-10). This pseudoanemic condition has been termed '' sports anemia' '11,12) . In the present study, experiments on the effect of training on the levels of zinc and CA isoenzyme activities in human erythrocytes were performed.
The possible significance of zinc and CA isoenzymes under heavy physical training of short duration is discussed in connection with the changes in hematocrit and hemoglobin (Hb) levers in the venous blood. 
Venous blood gas analysis:
The venous blood gas was analyzed with a pH/ blood gas analyzer model 513 (Instrumentation Lab.,U.S.A.), and the value was corrected automatically for body temperature.
Determination of zinc concentration:
The zinc concentration in the hemolysates was determined using a Shimadzu model AA 640-13 atomic absorption spectrophotometer (Japan) after an ashing process.
Immunological measurement of CA isoenzymes:
The levels of CA-B and CA-C isoenzymes were measured according to a single radial immunodiffusion technique15) employing a slight modification of the method described by Funakoshi and Deutsch2).
Assay of CA isoenzyme activity:
The esterase activity of CA was assayed ac- Statistical methods: Differences between pre-and post-training values were tested for significance using a paired t-test. Table 1 shows the levels of the venous blood parameters just before and immediately after exercise both before and after training. After training, the hematocrit level just before exercise and the Hb concentration immediately after exercise decreased (p<0.05 and p<0.01, respectively) and the pH value immediately after exercise rose (p<0.02). In addition, there was an increasing or decreasing tendency in Hb, pH, and PO2, values just before exercise or hematocrit and PO2 values immediately after exercise (p<0.1). Table 2 summarizes the effects of training on the erythrocyte zinc and CA isoenzyme concentrations. There was an increase in the levels of zinc, CA-B, total CA activity, and CA-B-dependent activity just before exercise (p<0.01, p<0.05, p<0.05, and p<0.02, respectively) and a decrease in the change of zinc concentration after exercise (p<0.05).
An increasing or decreasing tendency was also observed in the specific activity of CA-B just bfore exercise, the total CA activity immediately after exercise or the change in CA-B level after exercise as a result of training (p<0.1). In agreement with the findings of our previous studies5,8), there was a significant decrease in the levels of CA-B, total CA activity, and CA-B-dependent activity immediately after exercise both before and after the training program (p<0.01, p<0.01, and p<0.05, respectively). The zinc concentration also showed a decrease immediately after exercise under the two conditions (p<0.05).
Several authors17, 19, 20) have previously reported that, although the levels of CA-B in human erythrocytes may vary considerably under certain physiological or pathological conditions, no significant changes occur in the levels of CA-C. Under acute physical exercise, however, the physiological meaning of the decreases in levels of CA-B and CA-B-dependent activity remains to be elucidated5,8). The 2-week training caused an increase in the levels of zinc, CA-B, total CA activity, CA-Bdependent activity, and specific activity of CA-B in erythrocytes and pH and P02 in the venous blood, respectively. It may be that an adaptive increase in the levels of CA-B and CA-B-dependent activity of the erythrocytes occurs with increased alkalosis during physical training; however, the HCO3-level remained unchanged after training. The Hb and hematocrit levels decreased after training. Lindemann8) has suggested that such "sports anemia" is caused by mechanical damage to erythrocytes. In addition, Yoshimura12) has indicated that destruction of erythrocytes may be regarded as one of the adaptive reactions which promote growth or hypertrophy of muscles and regeneration of new and strong erythrocytes in strenuous physical training. In the present study, however, it seemed unlikely that a hemolytic effect could explain the decrease in Hb, hematocrit or CA-B levels, in view of the unchanged CA-C levels in the erythrocytes after training. The readings obtained for the concentrations of zinc and enzymes were undoubtedly higher than those expected from the change in Hb or hematocrit. Oelshlegel et al. 21 ) reported that zinc binding to erythrocyte 2,3-diphosphoglycerate (2,3-DPG) can cause an increase in erythrocyte oxygen affinity. On the other hand, Hofergi and Komarkova22) indicated that CA shifts the oxygen dissociation curve to the right and causes a decrease in erythrocyte oxygen affinity. Our previous study5) revealed negative correlations between the changes in 2,3-DPG level on the one hand, and those in CA-B level and total CA activity on the other after acute physical exercise. It is known that training also causes an increase in arterial and venous 2,3-DPG levels23). We are at present continuing work along the above lines to clarify the association between CA, zinc, 2,3-DPG, and Hb in erythrocytes under physical training.
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